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(54) Computer network using data compression. 

(57) Computers are linked together to form a net- 
work. Messages are sent over the links between 
the computers in compressed, segmented form, 
the size of the segments being appropriate to 
the transmission characteristics of the link. A 
message previously received or transmitted by a 
computer is stored in compressed and segmen- 
ted form. If it is desired to forward or retransmit 
this message, the segment size of the stored 
form is compared against the optimum segment 
size for the link over which the message is to be 
sent. If there is a close match, then the stored 
segmented, compressed message is retrieved 
for direct transmittal, without having to reseg- 
ment or recompress the message. 
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The present invention relates to operating a com- 
puter in a network, in which messages are transmit- 
ted to and from the computer over links with other 
computers in the netwbrk. 

It is becoming increasingly common for individual 
computer systems to be linked together into networks 
to allow information to be communicated between 
them. There are several main types of network includ- 
ing an Integrated Services Digital Network (ISDN), 
which is based on telephone tines, and local area net- 
works (LANs). Before data is transmitted over the 
network from one computer to another, the data usu- 
sally first undergoes some form of compression to re- 
duce the volume to be sent, and is then formatted into 
one or more segments (often known as packets). 
Each segment typically contains, in addition to the ba- 
sic data to be transmitted, address information, error 
checking (eg parity or CRC checks), flag fields iden- 
tifying the start and end of the message, and so on. 
When a segment is received by a computer, the flag 
fields, check bytes, and so on are stripped out The 
segments are then re-assembled and decompressed 
in order to recover the original data. 

The extra information and processing associated 
with a segment means that there is a certain fixed 
overhead per segment, independent of segment size, 
so that it is most efficient to use as large a segment 
size as possible to transmit a given message. How- 
ever, each segment is downloaded whole onto the 
network and during this time, known as latency, no 
other messages can be inserted onto the link, even if 
they have a higher priority than the message being 
downloaded. Thus latency effectively represents the 
period when the terminal is unavailable to send other 
messages, and so it is desirable to restrict segment 
size to prevent too long a latency. Since for a link of 
a given bandwidth the latency increases with seg- 
ment size in line with the time taken to download the 
message, the optimum segment size is a compromise 
between avoiding the overheads associated with 
many small segments whilst minimising latency. As a 
result, higher bandwidth networks have larger opti- 
mum segment sizes. 

If a computer decides to forward the data in a 
message to another computer in the network, all the 
compression, segmentation, addressing and so on 
must be repeated before the data can be re-transmit- 
ted over the network. In the past, such repetition of 
the compression and segmentation has not been a 
noticeable problem, primarily because most commu- 
nications have been point-to-point (ie between two di- 
rectly connected nodes) with no need to forward mes- 
sages, or els th amount of forwarding has been rel- 
atively small (eg^hub-satellite type networks have 
been used). 

How ver, multimedia applications using modern 
networks, for example, collaborative processing or 
video conferencing, requir many workstations to be 



connected together in a peer-to-peer arrangement. 
These involve the large-scale forwarding of messag- 
es b tween network nodes across high-bandwidth 
links. Two-way (or multi-way) real-time exchanges 

5 are common in such applications and it is essential to 
minimise transmission delay between the nodes in 
order to permit a natural and spontaneous interaction 
between the participants. 

Accordingly, the invention provides a method of 

lO operating a computer in a network, including the 
steps of: 

transmitting messages to and from the com- 
puter over links with other computers in the network; 

processing messages before sending from an 
15 original form into a form suitable for transmission; and 

processing messages on receipt back into the 
original form; said method being characterised by the 
steps of: 

storing a message transmitted to or from the 
20 computer in either the transmitted form, or a form in- 
termediate the original form and the transmitted form; 

retrieving the stored message and processing 
it if necessary into a form suitable for transmission; 
and sending the retrieved message to another 
25 computer. 

The invention is based on the recognition that by 
storing messages in processed form, the need to re- 
peat time-consuming processing can be avoided. A 
message for storage can either be generated at that 
30 particular node, or received from another node over 
the network. The former example arises in a multicast 
situation, where the node sends the same message 
to more than one other computer in the network, the 
latter where the node is responsible for forwarding an 
35 incoming message to another node in the network. In 
order to minimise the time spent processing the mes- 
sages to prepare them for transmission, each mes- 
sage as it is received or created is stored in a proc- 
essed form - either the transmitted form, or one inter- 
40 mediate the original form and the transmitted form. 
The next time that the message is to be sent over a 
link therefore, the stored message can be retrieved, 
and if in transmitted form, sent directly, or else proc- 
essed into a form for transmission. In the latter cas , 
45 the amount of processing required is still less than 
that needed to convert the message from its original 
form into the form for transmission. 

Preferably the step of processing the message 
from the original form into a form suitable for trans- 
50 mission includes compressing the message, and said 
step of storing comprises storing the message in com- 
pressed form. Where the step of processing the mes- 
sage from an original form int a form suitabl for 
transmission includes s gmenting the message, it is 
55 also preferred that said step of storing comprises stor- 
ing the message in segmented form. In general it is 
particularly advantageous to store a compressed ver- 
sion of the message, firstly because compression is 



3 



EP 0 616 455 A2 



4 



more time-consuming than segmentation, and sec- 
ondly because the same compression is valid for all 
links (unlike segmentation, where segment size must 
be taken into consideration as described below). Thus 
one possible strategy would be to assemble ail incom- 
ing messages, and store only the compressed form. 
This could then be resegmented as required for sub- 
sequent transmission. However, in a preferred em- 
bodiment messages are stored in both compressed 
and segmented versions. 

If segmented versions of the message are stored, 
then it can be determined whether one of the stored 
versions has a segment size appropriate for the link 
over which the message is to be transmitted. This 
could be based for example on the time required to re- 
segment the message relative to the delay that would 
be incurred by using a non-optimum segment size. 
The segment size of the stored form is compared with 
the optimum segment size for the link, and if a reason- 
able match is found, the stored version can be sent, 
rather than having to repeat the segmentation proc- 
ess. On the other hand, if no match is found, then 
overall it will be quicker to resegment rather than to 
send the message with the wrong size segments. 
Thus effectively an intelligent approach can be adopt- 
ed to minimise the time required to transmit a mes- 
sage, balancing the extra overheads in using a non- 
optimum segment size against the processing re- 
quired to re-segment the message. 

In general each node already knows the physical 
characteristics of the links to adjacent nodes (eg LAN, 
bandwidth, etc). It is also beneficial to monitor the cur- 
rent performance of the network in order to determine 
the optimum segment size for each link, since the per- 
formance of any given link can be seriously affected 
by the volume of traffic on the link. Actively monitoring 
performance can therefore give a much more accu- 
rate picture of the current network characteristics. 

If a message must be resegmented for transmis- 
sion, the new segmented version can be stored. It is 
therefore possible to generate multiple stored ver- 
sions of the same message, each having a different 
segment size. In order to prevent the volume of stored 
messages from becoming too large, it is desirable to 
delete a stored message if it is decided not to forward 
the message to another computer. Other approaches 
are also possible, for example deleting messages that 
have not been used within a specified time interval. 
It should be appreciated that even if the stored proc- 
essed version of a message is deleted, it can still be 
forwarded by reusing the message in its original form, 
but in this case the segmenting, compressing, and so 
on must be re-p rformed. 

In a preferred embodiment, th messag is also 
stored in original form, and each processed form of 
the messag is stored in a linked chain appended to 
the stored original form of the message, together with 
some form of referenc to identify the processed 



forms. Thus a first layer or subsystem that is respon- 
sible for compressing, segmenting and storing a mes- 
sage, passes the reference to the application to de- 
cide what action to take in response to the message. 

5 The application then returns its decision to the first 
subsystem, using the reference again to identify the 
message. One possibility for the reference is to use 
a pointer to the original version of the message, but 
many other implementations are also suitable: for ex- 

w ample, the first subsystem could maintain a table list- 
ing the identity, available segment sizes and storage 
location of each stored message. An index to the en- 
try for each message could then be passed to the ap- 
plication as a reference with which to subsequently 

is identify that particular message. The actual imple- 
mentation adopted will depend on factors such as the 
operating system environment and so on. 

The invention also provides a computer adapted 
for inclusion in a network, wherein messages are 

20 transmitted to and from the computer over links with 
other computers in the network, messages being 
processed before sending from an original form 'into 
a form suitable for transmission, and being processed 
on receipt back into the original form; and 

25 characterised by: 

means for storing a message transmitted to or 
from the computer in either the transmitted form, or 
a form intermediate the original form and the trans- 
mitted form; 

30 means for retrieving the stored messag and 

processing it if necessary into a form suitable for 
transmission; 

and means for sending the retrieved message 
to another computer. 

35 In a preferred embodiment, the computer in- 

cludes both means for compressing the messag and 
means for segmenting the message in order to proc- 
ess the message from the original form into a form 
suitable for transmission, the message being stored 

40 in compressed and segmented form. It is further pre- 
ferred that the computer includes means for determin- 
ing whether a stored message has a segment size ap- 
propriate for the link over which the message is to b 
transmitted. ' 

45 Other features in the preferred embodiment are 

means for monitoring the current performance of th 
network in order to determine the optimum segment 
size for each link and means for deleting a stored 
message if it is decided not to forward the message 

so to another computer. 

The invention further provides a method of trans- 
mitting data to a subset of a network of such comput- 
ers, the method comprising the steps of: 

transmitting a first message specifying the 

55 subset of the network to which the data is to be trans- 
mitted; and 

transmitting a second message containing the 
data, whereby receiving workstations can use the in- 
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formation in the first message to forward the second 
messag to another computer in the network without 
having to first process the s cond message back into 
its original form. * 

This method is required in view of the fact that if 
messages are being stored in a segmented or com- 
pressed form for example, there is a premium on be- 
ing able to forward them unaltered, so that the already 
available processed form can be used. This can lead 
to a difficulty when data is only being sent to a subset 
of the network, in which case the addressing informa- 
tion changes en route around the network. This prob- 
lem can be alleviated by sending the addressing infor- 
mation ahead in a first message, with the data follow- 
ing in a second message. Each node can then use the 
information in the first message to forward the sec- 
ond message unaltered as appropriate. Although the 
first message does need updating as it progresses 
through the network, and so will need to be re-proc- 
essed, it is generally much smaller than the second 
(data) message, and so this can be done compara- 
tively quickly. 

An embodiment of the invention will now be de- 
scribed by way of example with reference to the fol- 
lowing drawings: 

Figure 1 is a schematic drawing of a computer 

network; 

Figure 2 is a simplified diagram of a workstation 
forming part of the network of Figure 1 ; 
Figure 3 is a flow-chart showing the processing 
performed on an incoming message; 
Figure 4 is a flow chart showing the processing 
performed on an outgoing message (the top of 
Figure 4 can be regarded as contiguous with the 
bottom of Figure 3); 

Figure 5 illustrates how a message is stored in 
segmented form; and 

Figure 6 illustrates how multiple versions of a sin- 
gle message are stored. 

Figure 1 shows a set of workstations (A, B, C. K) 
joined together into a computer network. The pattern 
of links shown is known as a "minimum spanning 
tree". Such a network is characterised by the ab- 
sence of any dosed loops, so that there is one and 
only one route between any two nodes. This has ad- 
vantages as regards the simplification of addresses 
(note that the pattern of links shown in Figure 1 is not 
unique in this respect). The present invention is par- 
ticularly beneficial for this type of network since the 
degree of message forwarding is relatively high, but 
is equally applicable to other network topologies. For 
xample, the invention will also be of benefit in all-to- 
ail networks, in which every node is connected to ev- 
ery oth mod , sijice whilst this t pology does not re- 
quire message forwarding, it does demand a high de- 
gre of multi-casting - ie one node sending the same 
message to many other nodes (see Computer Net- 
works by AS Tanenbaum, 1988, Prentice-Hall, for a 



further discussion of network configurations and 
properties). 

Typically the links in the network of Figure 1 will 
not be all of the same type. For example, links B-E. 
5 E-F and F-G might be over ISDN transmission lines, 
whilst A-B. B-C and B-0 might be part of one LAN. E- 
J and E-K part of another LAN. and G-H and G-l part 
of a third LAN. These links, even if nominally of the 
same type or members of the same LAN. may have 
10 different bandwidths and different volumes of traffic 
on them, resulting in differences in transmission per- 
formance. Many other types of link, such as X.25. 
may also be connected into the network. 

Figure 2 illustrates a workstation forming a node 
15 in the network of Figure 1 . This will typically be a con- 
ventional computer 10, having memory 20, processor 
etc. The workstation has connections to a LAN 4 and 
ISDN 6. The workstation is under the control of an ap- 
plication program (not shown), which generates mes- 
20 sages for transmission to other nodes, and which in- 
terprets incoming messages. As is well-known in the 
art, several layers of processing are provided to trans- 
late messages between a form suitable for transmis- 
sion over a network, and the form in which they ar * 
25 processed by the application program. Only the two 
layers pertinent to the present invention, known as 
the Common Communications Layer (CCL) 24 and 
the Network Control Layer (NCL) 22, are depicted in 
Figure 2. The CCL maintains details of the transmis- 
30 sion link over which a message is to be sent (eg 
whether it is ISDN, LAN or whatever), and is also re- 
sponsible for compression and segmentation (based 
on the information about the link being used). The 
processing layers below the CCL, which are typically 
35 responsible for error correction etc, handle only seg- 
ments. By contrast, the processing layers from th 
NCL upwards are only concerned with whole messag- 
es: the type of link over which a message is received 
or transmitted is transparent to them. Note that ideal- 
40 ly the application program is best suited to do the 
compression, since it knows about the data and there- 
fore which compression algorithms are appropriate. 
However, the application program is ignorant about 
the type of link over which the data is to be transmit- 
45 ted, and whereas compression may be very desirable 
for a low bandwidth link, it may be unnecessary and 
a waste of time for a high bandwidth link. Thus the ap- 
plication program may just perform preliminary com- 
pression, or no compression at all, leaving this re- 
so sponsibility primarily to the CCL. It should be appr - 
ciated that this split of function between the NCL and 
CCL is not an essential feature of the invention, but 
rather a facet of this particular implementation. Other 
network communication systems may hav different 
55 arrangements. 

The processing of an incoming message is de- 
picted in the flow chart of Figure 3. An incoming mes- 
sage in segmented, compressed form is received 



from the network by the CCL. having been duly proc- 
essed by lower layers. The CCL stores the message 
in segmented, compressed form and then combines 
the segments to re-assemble the message (in fact in 
practice the segments are stored and combined as 
they are received one at a time). The compressed, as- 
sembled message is also stored. Finally, the mes- 
sage is decompressed into its final (original) form, 
which is again stored with a unique identifier, before 
being passed with the identifier up to the NCL layer. 

Subsequent processing of the incoming message 
is shown in Figure 4. The NCL decides whether or not 
to forward the message, based if desired on the infor- 
mation contained within the message itself. If the NCL 
decides to forward the message to another node in 
the network, it passes the destination address and 
unique identifier back to the CCL Alternatively, if the 
NCL makes a definite decision that the message is 
not to be forwarded, this information together with the 
identifier is passed back to the CCL. The CCL can 
then delete the message from storage. 

Figure 4 also illustrates the processing of an out- 
going message, whether it is a received message that 
is now being forwarded to another node or a message 
that has been generated by that particular node. In 
both cases the message is received by the CCL from 
the NCL in the form of an identifier and a destination 
address. The CCL firstly determines whether to com- 
press the message based on the characteristics of 
the link. In some cases compression may not be de- 
sirable (for example, because the message originates 
from a video adapter card, which has already per- 
formed its own hardware compression), but in general 
compression will be required. In this case the CCL de- 
termines whether a compressed version already ex- 
ists: if not, the message must be processed to pro- 
duce a compressed version, which is stored. The CCL 
then determines whether there are any stored ver- 
sions of the segmented message (compressed or un- 
compressed, according to the desired form) which 
have a segment size appropriate for the link over 
which the message is to be transmitted, and if so, 
uses that stored version of the message to avoid hav- 
ing to resegment. If no appropriate stored segment 
size is located, then the CCL segments the message 
to a suitable size for the link. This (re)segmented mes- 
sage is then transmitted over the link, as well as being 
stored. Note that since a message may have to be 
sent to several nodes over a variety of links it quite 
possible for a message to be stored in more than one 
segment size, both in compressed and uncom- 
pressed form. It is also possible for the NCL to indi- 
cate in its transmission request to the CCL that a mes- 
sage is to be deleted after sending, if it is not desired 
to forward the message to an? other computers. 

As presently implemented, the selection proce- 
dure for determining which form of message to s nd 
is relatively uncomplicated. As a first step it is decided 
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whether to compress the message, based on the spe- 
cified link characteristics, and then secondly the stor- 
ed segmented versions are examined to try to find an 
appropriate segment size. The algorithm used for this 

5 second step is simply to look for any stored version 
of the message which has a segment size in the range 
0.5-1 times the optimum segment size, as specified 
in the link characteristics (in general it is not a good 
idea to go over the optimum segment size, in case 

>o this has been set to the maximum segment size that 
the transmitting software can handle). 
However, it would be possible to use much more com- 
plicated criteria to determine whether to process a 
message or whether to use a stored version, For ex- 

is ample, the algorithm can combine the compres- 
sion/segmentation steps, using perhaps an uncom- 
pressed version instead of a compressed version if 
the former was already available in the correct seg- 
ment size. Other factors to take into consideration 

20 might be the compression/decompression times at 
the transmitting and receiving nodes, the link band- 
width, the trade-off between using a non-optimum 
segment size and having to re-segment, and so on. It 
is also possible for the CCL not only to use store* in- 

25 formation about network conditions (optimum seg- 
ment sizes etc), but also to actively monitor current 
traffic (eg by echoing - sending out messages and 
waiting for them to be returned). This knowledge can 
all be put together in order to decide whether an avail- 

30 able segment size is currently suitable for a particular 
link, or whether a message should be transmitted at 
a slightly non-optimum segment size or in a com- 
pressed/uncompressed form if this would lead to an 
overall reduction in transmission time. 

35 It is therefore possible to adopt a very sophisticat- 

ed approach in determining how much re- processing 
to do. The only restriction is that there is no point in 
using such complex methods if the extra tim re- 
quired to make a decision results in an overall d - 

40 crease in efficiency. 

As an indication of the timings involved, consider 
the transmission firstly of a 1 MByte bit map (eg from 
a graph on screen), and secondly of a 10 kByte video 
frame (these might typically be produced at 10 

45 frames per second). Compression of the bit map 
(hopefully down to say 100 kBytes) might typically 
take 2-3 seconds, with a roughly equivalent time for 
decompression. The video frame is likely to have al- 
ready been hardware compressed. Over a 250 kByt 

so per second LAN connection, the bit map can be trans- 
mitted in 4 seconds, rendering compression unattrac- 
tive, but over a 8 kByte per second ISDN line, com- 
pression will produce a substantial saving in net 
transmission time. In gen ral, the segmentation time 

55 is perhaps only 1 0% of the compression tim , and so 
a less significant factor for the bit map. However, for 
the video frames it can be essential to minimise trans- 
mission d lay in order to allow natural interaction be- 
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tw en participants in a video conference. Ther fore 
a saving of as little as 0.01-0.05 seconds in not having 
to re-segment at each terminal is valuabl , especially 
considering the cumulativ effect if a signal is trans- 
mitted via several terminals. 

Figure 5 shows the form in which the CCL stores 
a segmented message. The message consists of a 
sequence of packets or segments (two in this case), 
each packet 50, 60 comprising data 54, 64 and a 
header 53, 63 containing address information and so 
on. The CCL inserts two fields (51. 52 and 61 62 re- 
spectively) at. the front of each packet. These two 
fields are not part of the message as such, and are 
not transmitted over the link, but rather act as control 
devices for the CCL. The second of the two pointers 
52 is used to chain the sequence of packets in the 
message together, the end of the sequence being in- 
dicated by a null value 62. 

Figure 6 illustrates a single message being stor- 
ed in both segmented and compressed versions. 
Each version has the form described above - ie a se- 
quence of chained packets having two CCL fields fol- 
lowed by a header and then data. A master buffer 
stores the uncompressed data in a single segment. 
The NCL can generate or receive the unsegmented 
data in the master buffer directly. A pointer to the mas- 
ter buffer is passed between the CCL and the NCL to 
provide the unique identifier for the message. The 
first pointers in the first segment of each stored se- 
quence are used to chain together all the versions of 
the same message with different segment sizes. Ef- 
fectively there are two chains appended to the master 
buffer, one of compressed versions of the message 
and one of uncompressed versions. The second poin- 
ter in the master buffer is used to point to the start of 
the compressed chain, beginning with a compressed, 
unsegmented (single segment) version of the mes- 
sage (since the master buffer comprises only one 
segment, this pointer is not needed for chaining seg- 
ments together). Thus all versions of a message are 
chained to, and can therefore be accessed through, 
the master buffer. The different versions in each 
chain are ordered in terms of decreasing segment 
size, which means that new versions must be inserted 
into the middle of the chain if appropriate. An alterna- 
tive strategy would be to simply order the chains as 
they are created, in which case new versions are sim- 
ply hung from the end of the chain. 

In this particular implementation, the memory al- 
location associated with the stored message is con- 
trolled by means of a use counter. If it is desired to de- 
lete a message from storage, for example because 
the NCL does not wish to forward it, the us counter 
willb decremented by on .Providing this returns the 
use counter to zero, this will free the memory occu- 
pied by th message, allowing it to b overwritten. 

When the NCL passes a transmission request to 
the CCL. it passes a pointer to the locati n of the mas- 



ter buffer (even if the message is originating at that 
node, the master buffer can effectively be created by 
the NCL). The first pointer in the master buffer can 
then be examined to determine whether the message 

5 is stored in compressed form, and which segment si- 
zes are available (if any). The stored versions can 
then be compared against the specifications for the 
link over which the message is to be transmitted to 
see if any of the stored versions are appropriate. 

w Clearly the build-up of messages must not ex- 

ceed the available storage space, and an excess of 
stored messages also leads to performance degrada- 
tion. Deleting messages that are not being forwarded 
is an effective way of achieving this. Another possi- 

15 bility is for the CCL to implement a strategy of delet- 
ing messages that have been dormant a certain 
length of time. Note that it is still possible to transmit 
a message which is no longer stored in segmented 
form - however in this case the normal compression 

20 and segmentation will be required prior to transmis- 
sion. 

One consequence of the message forwarding 
scheme outline above is that it is expensive to hav 
to alter a message on route. This is because once th 

25 information in the message has changed, then the er- 
ror coding and compression need to be fully recalcu- 
lated, and the whole segmentation process repeated. 
In the particular implementation described, this is rel- 
evant to messages that are sent to a subset of the to- 

30 tal network. Whilst it is simple to address a message 
either to a single terminal, or to all of the terminals (i 
broadcasting), if the message is to be sent to a subset 
of terminals the address information changes in 
length as the message progresses through the net- 

35 work. This prevents re-use of the segmented, com- 
pressed message, and so required the expense of re- 
processing at each node. 

To overcome this problem, a message intended 
for just a subset of the network is sent in two parts (i 

40 effectively as two messages). The first part contains 
the addressing information, together with a messag 
identifier, and is sent slightly ahead of the second 
part, which contains the data itself, a long with a cor- 
responding identifier. The first part is much smaller. 

45 and although it needs to be resegmented at each 
node to accommodate its variations in length, this 
does not require undue amounts of processing power. 
Each node can then use the information from the ad- 
dressing message to decide where and whether to 

50 forward the second, much larger message, which can 
therefore be sent unaltered around the network with 
a constant size, without reprocessing at each node. 



55 Claims 

1. A method of operating a computer in a network, 
including the steps of: 
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transmitting messages to and from the 
computer over links with other computers in the 
network; 

processing messages before sending 
from an original form into a form suitable for 5 9. 
transmission; and 

processing messages on receipt back into 
the original form; 

said method being characterised by the 
steps of; , 0 

storing a message transmitted to or from 
the computer in either the transmitted form, or a 
form intermediate the original form and the trans- 
mitted form; 

retrieving the stored message and proc- is 
essing it if necessary into a form suitable for 
transmission; 

and sending the retrieved message to an- 
other computer 



20 

2. The method of claim 2. wherein the step of proc- 
essing the message from the original form into a 
form suitable for transmission includes com- 
pressing the message, and said step of storing 
comprises storing the message in compressed 25 
form. 

3. The method of claim 1 or claim 2, wherein the 
step of processing the message from the original 
form into a form suitable for transmission in- 30 
eludes segmenting the message, and said step of 
storing comprises storing the message in seg- 
mented form. 

4. The method of claim 3. further comprising the 35 
step of determining whether a stored message 

has a segment size appropriate for the link over 
which the message is to be transmitted. 

5. The method of claim 4, wherein it is determined 40 
whether a stored message has a segment size 
appropriate for the link based on the time re- 
quired to re-segment the message relative to the 
delay that would be incurred by using a non-op* 
timum segment size. 45 

6. The method of claim 5, further including the step 
of monitoring the current performance of the net- 
work in order to determine the optimum segment 

size for each link. so 

7. The method of any preceding claim, further com- 
prising the step of deleting a stored message if it 
is decided not to forward the messag to another 
computer. 55 

8. The m mod of any preceding claim, further com- 
prising th step of also storing the message in 



original form, and wherein each processed form 
of the message is stored in a linked chain append- 
ed to the stored original form of the message. 

A computer adapted for inclusion in a network, 
wherein messages are transmitted to and from 
the computer over links with other computers in 
the network, messages being processed before 
sending from an original form into a form suitable 
for transmission, and being processed on receipt 
back into the original form; and characterised by: 

means for storing a message transmitted 
to or from the computer in either the transmitted 
form, or a form intermediate the original form and 
the transmitted form; 

means for retrieving the stored message 
and processing it if necessary into a form suitable 
for transmission; 

and means for sending the retrieved mes- 
sage to another computer. 



10. The computer of claim 9, including means for 
compressing the message in order to process th 
message from the original form into a form suit- 
able for transmission, the message being stored 
in compressed form. 

11. The computer of claim 9 or claim 10. including 
means for segmenting the message in order to 
process the message from the original form into 
a form suitable for transmission, the message be- 
ing stored in segmented form. 

12. The computer of claim 11, further including 
means for determining whether a stored mes- 
sage has a segment size appropriate for the link 
over which the message is to be transmitted. 

13. The computer of claim 12, further including 
means for monitoring the current performanc of 
the network in order to determine the optimum 
segment size for each link. 

14. The computer of any of claims 9 to 13, furth r 
comprising means for deleting a stored message 
if it is decided not to forward the message to an- 
other computer. 

1 5. A method of transmitting data to a subset of a net- 
work of computers as claimed in any of claims 9 
to 14, said method comprising the steps of: 

transmitting a first message specifying 
the subs t of the network to which the data is to 
be transmitt d; and 

transmitting a second message contain- 
ing the data, whereby receiving workstations can 
use the information in the first message to for- 
ward the second message to another comput r in 
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the network without having to first process the 
second m ssage back into its original form. 
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